ith the aging of society, the incidence rates of aortic valve stenosis (AS) accompanying degenerative changes due to aging are increasing. 1 The best treatment for severe symptomatic AS is aortic valve replacement (AVR). However, it is often difficult to decide to pursue AVR in elderly patients due to the risks of various complications as well as social backgrounds.
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There have been many reports regarding the prognosis of AVR in patients over 80 years of age. 2- 6 The percentages of elderly patients selected for AVR or medical therapy, along with the corresponding prognoses, were reported in a study performed in the UK. 7 However, no such information is available for the Japanese population.
This study was performed to clarify the prognosis of elderly symptomatic AS patients in Japan.
Methods

Study Population
A retrospective analysis of patients admitted to our hospital for symptomatic severe AS from January 2000 to December 2007 was performed. Here, severe AS was defined as a maximum flow velocity at aortic valve measured by continuous wave Doppler from echocardiography of 4 m/s or more. In addition, the patient must have at least one of the following symptoms: syncope, chest pain, or symptoms of heart failure corresponding to New York Heart Association (NYHA) classification class II or above.
This study was approved by the institutional review board of Kameda Medical Center.
Statistical Analysis
Continuous numerical data are expressed as the means ± standard deviation, and group data are shown as percentages. For comparison between groups, the t-test was performed on continuous numerical data, and the chi-square test or Fisher's
Results
During the observation period, 61 symptomatic AS patients over the age of 65 were admitted to our hospital. The average observation period was 27.1 months (range: 0.03-90.5 months). Twenty-one of the patients were men and the remaining 40 were women. The average age of the patients was 78.4, with the oldest being 93 years old. Average maximum flow velocity was 4.7 m/s, and average aortic valve area was 0.60 cm 2 . Thirty-seven of the 61 patients (61%) were diagnosed as having AS for the first time at the time of hospitalization.
Thirty-six patients had onset of symptoms within 1 month before admission, and the average symptomatic period was 5.3 months. Sixteen of the 37 patients with newly diagnosed AS had onset of symptoms more than 1 month before admission.
All patients had symptomatic severe AS, and all were considered for surgery. Surgery was performed in 35 patients who gave consent (Group S). Twenty-five patients who refused, or were thought to have high surgical risk due to underlying medical conditions, were treated medically (Group M).
The medical therapies were not standardized, and medications were prescribed at the discretion of the attending physician.
The patients in group M were older than those in group S; while 80% of the patients in group M were over 80 years of age, only 14% of those in group S were over 80. The percentage of AVR decreased with patients' age, and there were no cases in which AVR was performed in patients above the age of 85 (Figure 1 ).
There were no differences between groups in gender, NYHA class, or symptoms. The predicted mortality rate in the peri-operative period using logistic EuroSCORE 8,9 was higher in group M than in group S. Echocardiography indicated that group S had higher maximum flow velocity and average pressure gradient than group M. There were no differences in valve area or left ventricular ejection rate between the 2 groups.
Blood tests showed that hemoglobin and total protein concentrations were lower in group M than in group S. There were no differences in brain natriuretic peptide (BNP) levels at the time of hospitalization or in maximum or minimum values during the clinical course between the 2 groups ( Table 1) .
Nineteen patients in group M (73%) and 6 patients in group S (17%) died during the observation period. The causes of death in group M were cardiovascular death (n=16) and noncardiac death (n=3; specifically, malignant tumor, infectious disease, and suicide, each n=1). The causes of death in group S were cardiovascular death (n=3) and non-cardiac death (n=3; specifically infectious disease, n=2, and malignant tumor, n=1). Mortality rates derived from the Kaplan-Meier curve were higher in group M than group S at 1 year (53.1% vs. 6.4%, respectively), 3 years (70.7% vs. 20.4%, respectively), and 5 years (85.4% vs. 20.4%, respectively). There were significant differences in baseline characteristics between the 2 groups, and the estimated survival curves derived from age and sex applied life-table 10,11 of both groups were drawn and compared. There were no significant differences in group S, but prognosis of group M was significantly poorer than the estimated survival curve (Figure 2) .
The re-admission rate was also significantly higher in group M than in group S (Figure 3 ). Only 5 of 26 patients over the age of 80 underwent AVR. Of 21 patients given medical therapy, 16 (76%) died, but all of 5 patients who underwent AVR survived.
Univariate analysis was performed to determine the prognostic factors related to death ( Table 2) . NYHA class and symptoms were not useful as prognostic factors. Among oral medications, use of digitalis preparations was related to poorer prognosis. The strongest prognostic factor was AVR. Even in multivariate analysis, the 2 most significant factors were use of digitalis preparations and AVR.
To determine whether BNP can be used to predict prognosis, the receiver operating characteristics (ROC) curve for BNP at the time of hospitalization, maximum and minimum values were obtained, and the area under the ROC curve for the maximum BNP was 0.764 (0.628-0.900, P=0.001) (Figure 4 ). When the cutoff was set to 1,000 pg/ml, sensitivity was 78.9% and specificity was 65.7%. In group M, when the cutoff was set to 1,000 pg/ml, the group below the cutoff had 3 deaths among 9 patients (33%), and the group above the cutoff had 11 deaths among 12 patients (92%); the group above the cutoff had a significantly higher mortality rate (P=0.02). In group S, the death rates were 1 of 18 (6%) and 4 of 15 (27%) for the groups below and Figure 1 . Treatment selected according to age group. As patient age increases, the incidence of surgery decreases and that of medical treatment increases. OHNO M et al.
above the cutoff, respectively; the mortality rate for the group above the cutoff was higher than that below the cutoff, but the difference was not significant (P=0.07).
On univariate analysis, factors affecting mortality in group M were hypertension, dyslipidemia, diuretics, digitalis, and statin. However, on multivariate analysis, use of diuretics was the only significant risk factor ( Table 3) .
Discussion
Predictor of Prognosis in AS Patients
In this study, AVR and digitalis were strong predictors of prognosis. AS is a disease caused by mechanical stenosis of the aortic valve, and treatment involves removal of the stenosis.
The medical therapy group in the Placement of Aortic Transcatheter Valves (PARTNER) trial, 12 which compared Comparison of survival between Group M and Group S using Kaplan-Meier survival curve. Estimated survival curves derived from age and sex are also compared. The prognosis of group M was poorer than that of group S from the early stage. The prognosis of group M was significantly poorer than the estimated prognosis of the general population, but group S showed no significant difference. prognosis with the transcatheter aortic valve implantation (TAVI) group, had an average age of 83.2±8.3 years with a logistic EuroSCORE of 26.4±17.2 and 1-year mortality rate of 50.7%. Group M in the present study had an average age of 84.1±5.3 with logistic EuroSCORE of 13.8±4.6 and a 1-year mortality rate derived from the Kaplan-Meier estimate of 53%, which was comparable to that of the PARTNER trial.
Medical Therapy
There have been no previous reports indicating that digitalis worsens the prognosis of AS patients. Digitalis might not be responsible for worsening the prognosis by itself, but might be used in patients in poor condition for whom no other options are available.
There have been no reports of medications capable of improving the prognosis of these patients. Statins used in the treatment of dyslipidemia have been reported to slow the progress of AS, 13 and several retrospective studies have shown similar results. 14, 15 In addition, the benefits of statins were reported in non-randomized prospective studies, 15-17 and Figure 4 . Receiver operating characteristics curve of death due to all causes using maximal brain natriuretic peptide as the cutoff. Sensitivity and specificity of each cutoff are also shown. Tables 1,2 . Prognosis of Severe Aortic Stenosis in Japanese statins were expected to be effective in AS. However, later randomized prospective studies yielded negative results. 18-20 A case with rapid progression of AS even with aggressive treatment of familial dyslipidemia has been reported in Japan. 21 Differences in the mechanisms that account for oxidative stress in aortic valves and atherosclerotic arteries has been shown. 22 Since the pathogenesis behind progression of AS and atherosclerosis is different, treatments to prevent progression of AS and atherosclerosis is also different.
To improve the prognosis, the mechanical stenosis must be removed by intervention.
Age and Adaptation
The guidelines of the Japanese Circulation Society (JCS), 23 American College of Cardiology and American Heart Association (ACC/AHA), 24 and the European Society of Cardiology (ESC) 25 have all stated that AVR class I is indicated in cases of symptomatic severe AS. The guidelines of the ACC/AHA and ESC also state that age is not a contraindication for surgery. The JCS Guidelines state that all cases of symptomatic severe AS with no clinical contraindications for surgery, such as the 'oldest-old', are indicated for surgery. In all of these guidelines, age alone in not a contraindication for surgery.
Decision to Perform AVR
The present study indicated the benefits of AVR even in elderly patients. However, in a daily environment in a clinical setting, it is very difficult to decide to perform AVR in an elderly patient. One reason is the high risk of surgery in elderly patients compared to younger patients. Perioperative mortality rate for AVR alone in patients in their 80 s was reported to be 5.0-10.3%, 3,5, 6 and that for AVR with coronary artery bypass surgery (CABG) is 6.0-26%. 2,4,6 These numbers are high compared to the mortality rates of general AVR and AVR + CABG, which are 3.0-4.0% and 5.0-6.8%, 26,27 respectively.
The second reason for the reticence to perform AVR in the elderly is related to the difficulty of accurately predicting the risks during the perioperative period in individual cases. Various methods have been developed to predict mortality rate during the perioperative period, such as EuroSCORE 8 that scores each item. However, in elderly patients, scoring methods have limitations, and cases with high risk, including oldest-old, were not included in the parent population used as the basis to create such scoring systems. 6 The third reason is that elderly patients often have other issues, such as other organ damage, dementia, decreased activity of dailiy life, or might be a caregiver for a family member.
In many cases, the patient cannot make the decision on their own, and family members tend to avoid surgery.
BNP
BNP is useful as a prognostic factor for cardiac diseases and is also useful as a prognostic factor for AS patients. 28, 29 In this study, patients with high BNP levels had poor prognosis, especially in the medical therapy group, and we believe that it is better to actively select surgery in such cases. However, there have been reports of cases with high BNP showing poor prognosis after surgery compared to the group with lower BNP, 28, 30 and it is therefore difficult to select surgery based only on the value of BNP.
Progression of AS and Diagnosis
It has been reported that in cases of moderate AS, the flow rate increases by 0.3 m/s, average pressure gradient increases by 7 mmHg, and valve area decreases by 0.1 cm 2 every year on average. 24 Measurements taken at our hospital also indicated an increase of 0.2±0.2 m/s in flow rate, increase of 4.9±7.7 mmHg in average pressure gradient, and decrease of 0.06±0.09 cm 2 in valve area. 31 It takes a few years for moderate AS to progress to the advanced stage, and it takes even longer for progression from mild to severe AS. By identifying and carefully observing AS in the early stages, AVR can be carried out at an appropriate time, when the overall condition of the patient is still good.
However, many cases are diagnosed with AS for the first time when the disease has progressed and the patient is admitted to hospital. In this study, 37 patients (61%) were diagnosed as having AS for the first time on hospitalization. In addition, 30 of 37 patients (80%) had been visiting medical institutions periodically for other diseases, but AS had not been noted in these cases.
To improve the prognosis, it is important to diagnose AS in the early stages, and we believe that it is necessary to introduce echocardiography, including continuous wave Doppler test, into local physical checkup in addition to auscultation.
TAVI
There are many elderly patients with symptomatic severe AS who were not diagnosed in the early stage of the disease. The efficacy of AVR in the elderly population has been reported, 2-6 but the risks of surgery in this population are very high and many such patients cannot undergo the operation. 32 For those at high risk for surgery, another method for intervention was introduced. TAVI, which involves the percutaneous implantation of a balloon expandable aortic valve, was first performed in human patients in 2001. 33 Self-expandable valves were first introduced in 2005, and over 15,000 patients worldwide had been treated with TAVI by April 2010. 34 The antegrade approach was used initially, 33 but was changed to the retrograde approach with current options of the transfemoral approach, 35 subclavian/axillary approach, 36 and transapical approach. 37 Valve systems have also been improved by reduction in size, and retrieval became possible. 34 One study 38 that gathered data from several registries, in which a self-expandable valve was used, reported a success rate of approximately 98% for this procedure. All-cause mortality rate at 30 days ranged from 5.5% to 15.1%. The SAPIEN Aortic Bioprosthesis European Outcome (SOURCE) Registry, 39 in which a balloon expandable valve was used, showed procedural success rates of 95.2% for the transfemoral group and 92.7% for the transapical group, with mortality rates at 30 days of 6.3% and 10.3%, respectively. The PARTNER trial, 12 which was a randomized controlled trial, had a rate of death from any cause, as calculated by Kaplan-Meier analysis, of 30.7% with TAVI, in comparison to 50.7% with standard therapy (hazard ratio with TAVI, 0.55).
TAVI is expected to improve the prognosis of patients with high risk of surgery.
A Japanese clinical trial called PREVAIL JAPAN 40 (Transfemoral & Transapical Placement of Aortic Balloon Expandable Transcatheter Valves Trial JAPAN) was started in April 2010, and is still underway.
If TAVI is approved in Japan, it is expected to improve the prognosis of the high-risk elderly population.
Study Limitations
This was a retrospective study at a single institution. In addition, the number of patients was small and some data were OHNO M et al.
missing. The greatest limitation of this study was the baseline differences between the groups, including age, which prevented direct comparison of mortality rates.
Conclusions
Medical therapy is often selected for treatment of symptomatic AS in elderly patients, but its prognosis is very poor.
To improve the prognosis, it is important to identify the disease in the early stages and it is therefore necessary to introduce echocardiography into physical checkups.
In cases of severe symptomatic AS, surgery or TAVI, if the surgical risk is high, should also be indicated in elderly patients.
